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EXECUTIVE SUMMARY

The god of this investigation was to estimate the 1999 energy consumption of set-top boxes
and telephony products in the U.S. resdentid sector. These two products belong to the
eectricity end-use category labeded “miscdlaneous’ or “other” by the U.S. Department of
Energy’s Energy Information Agency (EIA). Reaults of this study will be used to identify new
energy conservation opportunities and to align programs with those opportunities.

We conducted a bottom-up analyss for set-top boxes and telephony products using our own
power measurements and stock and usage estimates from secondary sources.

The most common set-top boxes in U.S. homes in 1999 were anadog cable boxes, digita cable
boxes, wireless receivers, and game consoles. Figure ES-1 shows the range and mean vaue of
the set-top power measurements we collected for this study.

Figure ES-1. Set-top Power M easurements

B Sandby 0O Adive
Cable Box L i
Digital Cabld e —
Box —fF=
Saelite ﬁ'_
Recaver ( ¥ ]
Game -|-
Console =b
0 5 10 15 20 25 30
Power (W)

According to these measurements, analog cable boxes and wireless receivers draw between 10
and 15 waits, while digital cable boxes draw between 20 and 25 watts in both the Active and
Standby modes. Video games used less than 2 watts in Standby mode, and about 8 watts
when Active. Based on these figures, typica usage patterns, and stock estimates, we estimate
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that set-top boxes accounted for 0.7% of resdentid eectricity use in 1999. Energy
consumption estimates for set-top boxes are summarized in Table ES-1.

Table ES-1. National Energy Consumption of Set-top Boxes

U.S. Energy Sharg of US
Type of Set-top UEC Numbc_ar .Of Consumption Resde.n'gal
(kWh/yr) Units (millions) (TWhiyr) Electricity
Consumption
Cable, Analog 95 45 4.3 0.37%
Cable, Digitd 200 3.8 0.7 0.07%
\Wirdess 140 13 19 0.16%
Game Console 10 54 0.5 0.05%
Total 116 7.4 0.65%

Our investigation of telephony products included answering machines, cordless phones, cordless
phone answering machine combination units, and mobile phone chargers. Figure ES-2 shows
the ranges and mean vaues of the telephony power measurements we collected for this study.

Figure ES-2. Telephony Power M easurements
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According to these measurements, answering machines, cordless phones, and combination units
use between 2 and 3 watts in both the Active and Standby modes. Mobile phone chargers use
about 1 waitt in standby. We did not collect power measurements for battery charging because
energy used during this mode is more easly estimated from battery capecity.

Basad on these measurements, typical usage patterns, and U.S. stock, we estimate that these
telephony products account for 0.5% of U.S. resdentia eectricity consumption. Unit (UEC)
and nationd energy consumption vaues for telephony products are summarized in Table ES-2.

Table ES-2. Energy Consumption of Residential Telephony

Shareof U.S.

Number U.S. Energy Residential

UEC of Units Consumption

Teephony Product

(kWhiyr) . Electricity
(millions)  (TWhyr) Consumption
Answering Machines 26 77 2.0 0.17%
Cordless Phones 28 87 24 0.21%
Cordless’Answering 36 35 1.3 0.11%
[Mobile Chargers 9 52 0.3 0.03%
Total U.S. 251 6.0 0.52%

Together, set-tops and telephony congtituted 1.2% of U.S. residentia electricity consumption in
1999. Standby power use accounted for about 60% of this energy use.

The combined total energy use of the products investigated for this study and those researched
previoudy for this series of reports account for about 6.6% of resdentid dectricity use in the
U.S, asshownin Figure ES-3.
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Figure ES-3. 1999 Residential Electricity Consumption [1][2][3]
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Over the next 10 years, the energy use of set-top boxes will grow as high-power digital set-top
boxes gain in popularity. Absent sgnificant efficiency improvements, we predict that nationa
set-top box energy use will surpass 40 TWhiyr by 2010.

The future of telephony energy use is less cartain.  Energy use may decrease as more efficient
mobile phones replace cordless phones and centralized voicemail services replace answering
machines. On the other hand, telephony eectricity use may increase with the popularity of new
cable telephony products, which continuoudy use eectricity for backup power systems.
We identified avallable efficiency measures as follows.

better power management for set-top Standby modes

automatic power-down to Standby for set-tops

more efficient externa power supplies for telephony products

intelligent battery charging circuitry for telephony products

Implementation of these measures could largdy offset the large increases in set-top and
telephony energy use expected to materiaize in the coming decade.

vi
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1 BACKGROUND

The U.S. Department of Energy (DOE) maintains an account of how the naion consumes
energy to forecast energy use and develop energy policies. The DOE periodicaly updates their
edimates as the U.S. energy demand dructure evolves or as new information becomes
avalable. Figure 1-1 shows the DOE's current understanding of mgor end uses of eectricity
inthe U.S. residentia sector.

Figurel-1. Major Electricity End Usesin the U.S. Residential Sector [1]
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The miscdlaneous end-use, depicted in Figure 1-1 as “Other,” has recently attracted specia
attention. Important devices in this end use include consumer eectronics, computer equipment,
microwave ovens, fans, and pumps. Recent information suggests that miscellaneous eectricity
use is currently responsible for dout one-third of resdentia dectricity consumption and is
growing at over 10% per year [1].

The DOE's Office of Building Technology, State and Community Programs has commissioned
severd sudies with Lawrence Berkeley Lab (LBL) to improve its understanding of the most
sgnificant contributors to the miscdlaneous end use. They will use this information to improve
energy demand forecasts and to explore the feasbility of new efficiency programs directed at
products within the miscellaneous end use category.

Thefirst two LBL investigations found that televisions, videocassette recorders, and home audio
products account for over 5% of U.S. resdentid dectricity use [2][3]. This report describes
the results of the third investigation in this series: set-top boxes and telephony. The main god of
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this study is to estimate the 1999 energy consumption of set-top boxes and telephony products
in U.S. homes.

Previous work in this fidd includes a 1998 effort by LBL to characterize miscdlaneous
eectricity use. Among the hundred or so products investigated for this early study were some
set-top and telephony products F]. We hope to improve on these estimates through more
complete information on power and usage vaues, and by including more product types.
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2 APPROACH

The ided approach to estimating the nationa energy use of set-tops and telephony products
would entall an extensive metering program involving a Satigicaly representative sample of U.S.
homes. Since this gpproach would be expensive and take years to complete, we resorted to a
bottom-up approach that combines direct measurements and survey data.

Our bottom-up estimates of unit energy consumption (UEC) are based on mode-by-mode
power requirements and usage patterns. Nationd energy use estimates require, in addition,
estimates of how many units are in use in the United States. Our approach can therefore be
summarized in the following steps:

1. Identify product types expected to contribute significantly to national energy use
2. For each product, identify the modes expected to contribute significantly to UEC
3. Determinetypica usage patterns, i.e. time spent in each mode

Collect power measurements for each mode

Combine usage and power data to estimate average UEC

Determine the number of units (sock) in the U.S. residential sector

N o g &

Combine average UEC values and stock to estimate nationd energy use

Step 1 of our approach is product dependent, and so will be discussed individuadly for set-tops
and telephony products in later sections. Below we describe steps 2 through 7 as followed for
both set-tops and telephony.

2.1 Power Modes

Many consumer eectronics operate in different modes (or states) during normd usage. For
example, most TVsin the U.S. have two modes: On and Standby (or off). Audio systems have
ten or more modes. An accurate estimate of energy consumption requires an estimate of the
energy use for each mode. This entails identifying common modes, then determining average
power levels and usage for each.

A discrete number of modes can often be defined for any particular device. To alow coverage
of avariety of product types, we adopted a rudimentary classification of operating modes to
accommodate a variety of consumer eectronics. These modes and definitions are given in
Table 2-1.
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Table 2-1. Common Consumer Electronic M odes

Mode Description

Active The unit performs a requested service, e.g. record, play, talk, etc.
Charge The battery charger provides current to the battery

Standby The unit is plugged in and appears off. No current flows to the battery.
Disconnected  The unit is unplugged

In general, st-top boxes are never Disconnected and do not have batteries to Charge.
Therefore, most set-top boxes have two modes. Active and Standby. Teephony products vary
ggnificantly. Depending on the unit, sgnificant contributors to unit energy consumption may
congs of dl or just one of the modes shown in Table 2-1.

2.2 Estimating Usage Patterns

Usage data can be difficult to acquire. Unless resources are available for a survey talored to
the needs of the study, the best sources of usage information are previoudy conducted market
research surveys. There are severa problems inherent in using such data.  For one, market
research surveys typicaly ded with household usage instead of per product usage, but per
product usage is required whenever the household owns multiple units [2,3]. Another problem
is that market research surveys do not inquire about the states of products during the periods
they are not used. These periods account for amgor fraction of tota eectricity use, which are
critical for accurate UEC estimates.

2.3 Measuring Power Levels

Most of the power measurements in this report were performed by the authors and other
Berkeley Lab daff in stores and homes. Retall stores dlowed us to perform measurements
provided customers were not inconvenienced. Few power measurements were taken at
residences because this gpproach is very intrusive and time consuming.

Consumer electronics power use must be measured with a meter capable of measuring low
power levels with high accuracy. For our research, we use a watmeter custom built for
messuring power use as low as 0.1 watts. For more information on the meter used in our
power measurements, see Appendix A.
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Power measurements should be taken for every important operational mode. Measurements
for this study were conducted according to the following procedure:

1. Identify the operational modesto measure

Plug the power cord of the unit into the power meter.

Record the standby power consumption before turning the unit on.
Record the power consumption of the unit in al other modes.
Turn the unit off, and confirm the standby power consumption.

a ko

We monitored power draw of al units for about 30 seconds. In generd, readings vary by only
one or two tenths of await within that time. Measurements were recorded by hand on-site, and
were later transferred to a computer database for anadysis.

2.4 Estimating Average Annual Unit Energy Consumption (UEC)

Energy is the product of power and time, and average annud UEC vaues are typicdly givenin
terms of kilowait-hours per year (kWh/yr). We caculate the UEC of aproduct by determining
welghted average power use and then multiplying by the number of hoursin ayear asfollows:

uec= & 7 1, Le760n/ yr 1)
€i=1 a

where M is the number of modes, P isthe average power draw of the unitin modei, and T; is
the percentage of time that the unit isin mode i such that ST;=100%.

2.5 Estimating the Number of Units in the U.S. Residential Sector

Two indirect methods can be used to estimate the number of units (sock) of a given product.
One method involves using penetration or saturation statistics (defined below) and extrgpolating
to dl U.S. homes. The other involves combining historical sales/shipment data and average
product lifetimes in a sock turnover model. For this report, we used the former method,
extrgpolating penetration datistics to nationa figures.

The term “penetration” refers to the percentage of homes that own a given device. The term
"saturation” is used to express the ratio of units to homes. These numbers can be obtained
from a variety of sources, such as market research surveys or service provider subscription
records.

Penetration vaues represent the shares of homes with at least one of the product in question,
S0 penetration aone cannot be used to estimate nationwide stock because homes may have
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multiple units. Estimating stock requires the average number of units owned by each unit-home*
asfollows

Sock = (Households) : (Penetration) : (Units/UnitHome) 2

Thisimplies that saturation relates to penetration as follows:

Saturation= (Penetration) : (Units/ UnitHome) 3

It is important to note that saturation and penetration are not equivaent unless al appliance
owners have only one unit. When saturation satistics are unavallable, as is the case for many
products in the miscellaneous end use, penetration Statistics may be used to estimate stock — but
only in combination with per-home datistics as shown in Equation 2. The missing varidble in this
equation then becomes units per unit-home, which consumer surveys occasionaly report.

2.6 Estimating National Energy Consumption

Nationd energy consumption of an appliance is calculated as the product of stock and UEC as
follows

E = (UEC): (Stock) 4

where UEC is caculated usng Equation 1 and Stock is cdculated usng Equation 2.

L A “unit-home” is ahome that has at least one unit of agiven appliance.
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3 SET-TOP ENERGY CONSUMPTION

This chapter describes our andysis set-top energy consumption. We begin by describing the
types of set-topswiddy used in 1999. Following this, we provide the data used in our analys's
and the results of our caculations by product type and mode. Finaly, we discuss the limits of
the analys's and some methods of reducing set-top energy consumption.

3.1 Scope of Set-top Analysis

In a broad sense, a set-top is a consumer eectronics product designed to output to a TV set.

They are so named because they are commonly placed on top of the TV s&t. For this sudy, we
investigated a range of set-tops to find those mogt likely to contribute sgnificantly to nationd

resdential dectricity consumption in 1999. This section describes the set-top boxes we chose
to indude in this study and their operationa modes.

We include the following products in our estimate of 1999 set-top energy consumption: analog
cable boxes, digital cable boxes, wirdess receivers, and video game consoles. These are the
only set-tops for which the ingtaled base exceeded one million units a the beginning of 1999.
Following is a description of each of these devices.

Analog cable boxes act as tuners for andog cable TV
programming. More than haf of cable subscribers use analog
cable boxes because they do not have a cable-ready TV? or
desre specid programming services. Although avalladle in
retail stores, the vast mgjority of anaog cable boxesin U.S. were leased from the cable service
providers; thus, cable boxes used without a subscription are not included in this sudy. Mgor
manufacturers of anadlog cable boxes include Genera Instruments, Jerrold, Scientific Atlanta,
and Zenith.

_

Digital cable boxes act as tuners for digitd cable TV

programming. Since there are severd digitd TV (DTV) (=
formats, they aso convert the digitd sgna received to one

usable by the customer’s TV set. To date, there is no such

thing as a “digita-cable ready” TV s, s0 a box is required for each TV with digita cable
programming [5]. In early 1999, the nost commonly available digita cable box models were
manufactured by Generd Insdruments. At that time, these units were only avallable through a
cable service provider. In the future, consumers are expected to be able to buy digitd cable
boxes from retal sores[6,7].

2TVsthat are not cable-ready display only UHF and VHF frequencies.
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Wireless receivers are set-top boxes used in conjunction with dish
antennas to receive wirdess TV programming. We include both
satellite (DBS and Ghband) and terrestrid (wireless cable) systems.
To receive wirdess services, consumers must buy a recelver and a
dish antenna and activate a subscription with a service provider. Each
TV st tha receives wirdess programming requires its own set-top
box. Mgor manufacturers of wireless receiver set-top boxes include
Echogtar, Hitachi, Hughes, JVC, Proscan, RCA, Sony, and Toshiba.

Video game consoles run programs tha alow the user to play
interactive video games done or with others. Mog video game
consoles today read the game program from removable storage
media such as CDs or megnetic tape catridges. Maor C /\

manufacturers of video game consoles include Nintendo, Sega, and (-)
Sony.

o

3.2 Set-top Power, Usage, Stock, and Energy Consumption

The three factors needed to estimate unit energy consumption are power, usage and stock, as
described in Chapter 2. The following sections describe the data used in this study.

Set-top Usage Patterns

Nearly dl set-tops have two main modes, Active and Standby, and a switch to toggle between
them. In the Active mode, set-tops receive and/or process information and output information
to a TV set.®> Most set-top boxes continue to draw power in the Standby mode to maintain
network connections and to dlow for remote power-up.

Cable and wireless boxes are Active whenever consumers watch the TV to which they ae
connected. We therefore derived usage patterns for these devices from TV watching patterns.
The average consumer spends about 5.5 hours per day (22% of the time) watching TV
programming on the primary TV [2]. Video game consoles are used to play video games about
1% of thetime[8]. Table 3-1 shows the usage profiles we used for this study.

% This activity occurs even when the TV set is not on.



LBNL-45305

Table3-1. Set-top Usage Patterns

Sandby Active
P S=aie Time Time
Cable, Andog 78% 22%
Cable, Digitd 78% 22%
\Wirdless Recaiver 78% 22%
\Video Game Console 98% 2%

Note that the Active usage depicted in Table 31 indudes only time during which the user is
present and enjoying the benefits of the box; however, additiona Active usage occurs whenever
aunit remains on after the TV is switched off. To gain some information about this behavior, we
conducted a brief survey of lab staff. Of 35 respondents, eight owned cable or wireless boxes
and six owned video game consoles. Of the cable and wireless box owners, haf Ieft the units
on when they were not being used, and hdf turned them off, while dl video game owners
responded that the device was dways off unless it was being used. We will not include this
behavior in our estimates, but will discussit later in this chapter.

Set-top Power Measurements

We measured a sample of about 100 set-top boxes. Measurements of wireless receivers and
video game consoles were recorded at retaill shops, and therefore represent the equipment
currently being sold. A variety of older and newer cable boxes were measured at cable service
provider offices and warehouses. About haf of the sample was collected in Cdifornia, and the
other haf in Washington DC. No conscious effort was made to select a representative sample
of manufacturers or qudity levels.

Most set-tops were not connected to the network (cable or wirdess antenna) during power
measurements.  Spot measurements of cable boxes connected and disconnected showed no
differencein power between the two states. Based on spot measurements of wireless receivers,
we estimated that wireless antennas require 3 to 4 watts each. In this study, we use a vaue of
3.6 watts per antenna.

Figure 31 shows the range and mean of the power vaues collected for this study. For a
complete list of the st-top power data collected for this study, see Appendix B.
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Figure 3-1. Set-top Box Power M easurements

According to our measurements, digital cable boxes draw sgnificantly more power than any
other set-top box. Current models draw between 20 and 25 watts in both Active and Standby
modes.

We found awider range in power needs for andog cable and wirdess boxes. All of the anaog
cable boxes we measured used between 5 and 25 waitts in both modes, while wireless boxes
required 12 to 25 watts.

Some video game consoles used no power in Standby mode, while a few of the older units
dissipated power through externa power supplies. Active power requirements for video game
consoles were dso very low, ranging from 5 to 10 watts.

Table 3-2 shows the average Standby and Active power levels derived from our database of
power measurements.

10
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Table 3-2. Average Power Levelsfor Set-top Boxes
, Standby  Active

Iig2Er Saaie » (watts)  (watts)
Cable, Analog 42 10.5 11.9
Cable, Digitd 5 22.3 23.0
\Wireless Receiver 30 16.2 16.9
Video Game Console 12 1.0 7.8

* N = number of unitsin the database

While the number of digita cable boxes and video gamesin our sample is smdler than one might
desire for an andysis of this type, very few models of these products were available in 1999.
Digitd cable boxes were a new product at the time, and we were able to find only five modes.
Video game consoles are not a new product, but the dominance of two or three mgor video
game manufacturers with only one modd each ensures that only a few new models are on the
market & any giventime.

Average Unit Power and Energy Consumption Estimates for Set-tops

Using the above usage patterns (Table 3-1) and average power levels (Table 32), average
UEC vdues were cdculated usng Equation 1. Table 33 shows the average annud energy
consumption of set-top boxes and the portion of the total energy consumption attributable to the
Active and Standby modes.

Table 3-3. Average Annual UEC Valuesfor Set-top Boxes
Sandby Active Total UEC

Type of Set-top

(kwWh/yr) (kWhlyr) (KWhlyr)

Cable Box, Analog 72 23 95
Cable Box, Digitd 150 44 200
\Wireless System 110 33 140
Game Console 9 1 10

NOTE: Figures may not add due to rounding.

11
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Figure 3-2 summarizes our findings and indicates the portions of energy use attributable to each
mode.

Figure3-2. Mode Contributionsto UEC Valuesfor Set-top Boxes

B Standby O Active

250
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Cable Box, Cable Box, Satellite System Game Console
Analog Digital

According to these numbers, 75% of total set-top eectricity use occurs during the Standby
mode.

Set-top Stock Estimates

Edtimating nationd energy consumption from UEC vaues demands the number of units in the
US. We edimated the number of cable and wireess boxes based on the number of
subscribers, and estimates of the number of boxes per subscriber. A 1999 market research
survey provided video game console penetration vaues and average number of units per home.
Fina stock estimates are shown in Table 3-4.

12
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Table 3-4. Residential Set-top Stock Estimates

Total Number of

Type of Set-top Penetration U_n|ts pera Saturation  Unitsin theU.S.
Unit-Home o b
(millions)
Andog Cable [9]° 41% 1.05 43% 45
Digitd Cable[10] 3.7% 1.00 3.7% 3.8
Wireless Receiver [11] 13% 1.00 13% 13
Video Game Console [12] 41% 1.27 52% 54

a. Valuesinitalics estimated by the authors.
b. Based on 104.2 million U.S. householdsin 1999 [13]
c. Actual reported penetration of 45% minus digital cable subscribers.

National Set-top Energy Consumption Estimates for 1999

Using UEC vaues (Table 33) and stock data (Table 3-4), we used Equation 4 to caculate
national energy consumption of set-top boxesin 1999. Table 3-5 summarizes our estimates of
nationad set-top energy use and the contributions of each product to total U.S. residentia
eectricity consumption.

Table 3-5. National Energy Use of Set-top Boxesin 1999
Total Product Shareof U.S.

Type of Set-top | Standby | Active Energy Use Residential

| (TWhiyr) [(TWhiyr)|  (TWhiyr)  Electricity Use®
Cable Box, Analog 3.2 1.0 4.3 0.37%
Cable Box, Digitd 0.6 0.2 0.7 0.07%
\Wireless System 14 04 1.9 0.16%
Game Console 0.5 0.1 0.5 0.05%
Total Energy Use 5.7 1.7 7.4 0.65%

a. Based onthe 1999 residential electricity consumption of 1,143 TWh[13]
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3.3 Set-top Discussion

Limitations of the Set-top Analysis

We did not consider the time that set-tops are left on when they are not being used. Based on
a nonrepresentative in-house survey, we estimate that cable and wireless boxes are left on
about 50% of the time, while game consoles are dmost never left on. Because the power levels
of cable and wirdess boxes in the Active and Standby dtates are dmogt identicdl, incluson of
this factor would have amost no effect on our find results (+4%).

Set-top boxes sometimes download and/or upload information during standby mode. Such
activity was not invesigated for this sudy. At this time, we do not expect this activity to
contribute sgnificantly to unit energy consumption because of the smdl disparity between Active
and Standby power needs. In the future, however, as Standby levels decrease, the relative
share of energy use attributable to this activity will incresse.

These results are useful only for 1999, and will change draméticaly over the next decade. This
limitation will be discussed in detall later in this section.

Comparison of Set-top Energy Use Estimates to Other Studies’ Estimates

In 1998, LBL published estimates of dectricity use for over one hundred smal dectrica
gopliances in the U.S. resdentid sector, including cable boxes, satdlite receivers, and video
game consoles. Table 3-6 compares the mgor results of the current study to the results of this
earlier Sudy.

Table 3-6. Comparison to Other Set-top Energy Use Studies
Wireless

Analog Cable Receiver Video Game

Rosen Sanchez Rosen Sanchez  Rosen  Sanchez
Units (millions) 45 44 13 5.3 54 64
Avg. UEC (KWhlyr) 95 114 143 131 10 24
Totd U.S. (TWhiyr) 4.3 5.0 19 0.69 0.5 15

Digparities between these results can be explained as bllows. Our average UEC vdue for
andog cable boxes is based on measurements of over 40 boxes while only five units were
measured for the Sanchez estimate. Our estimate for the number of wireess boxes is taken from
1999 FCC data [11], while Sanchez rdied on shipment data* The Sanchez estimate is
ggnificantly lower because it includes only DBS systems, excduding C-band and wirdless cable

* The 1999 FCC number differs markedly from Nielsen’s estimate of 8.5 million subscribersin 1999.
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boxes, and because DBS subscriptions have exploded since the 1998 report. The video game
discrepancy could not be determined because the source of Sanchez's video game stock
edimate is unknown.

Improving the Energy Efficiency of Set-tops

Opportunities exigt to increase the efficiency of most set-top boxes. Experience has shown that
manufacturers do not power down components that are not in use, even during the Standby
mode. Manufacturers of set-top boxes are no exception. Excluding video game consoles, only
one of the 77 units measured for this study reduced power use by more than 50% on initiating
the Standby mode. On average, the Standby mode of analog cable boxes used only 12% less
power than the Active mode, while digital cable and wireless boxes provided savings of just 2
to 3 percent.

As further evidence of manufecturers falure to implement power management, we took
infrared (IR) photos of set-top boxes in the Active and Standby modes. The IR photos clearly
display which components powered down during the Standby modes. We found very little
difference between the two sets of pictures. Figure 3-3 shows the temperature profiles of an
analog cable box drawing 13.1 waitts in Active mode and 12.0 watts in Standby. Figure 3-4
shows the temperature profiles of an advanced satellite set-top box drawing 24.2 wetts in
Active mode and 22.2 watts in Standby.

Figure 3-3. Infrared Photos of an Analog Cable Box in Active and Standby M odes
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Figure3-4. Infrared Photos of a Satellite Receiver in Active and Standby M odes
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These photos show that the vast mgority of components continue to draw power in the
Standby mode. Under such conditions, it makes little difference whether these units are turned
off or left on at dl times. Once manufacturers reduce the Standby power needs of future set-
top boxes, further energy savings could be redlized by designing set-tops to automatically enter
the Standby mode whenever the TV isturned off.

Satellite set-top manufecturers often claim that the box needs significant power to retain the
network connection in case the software needs upgrading. There are ways around thisissue, as
evidenced by some European satellite boxes without such a requirement [14]. Thisissue should
be studied in further detail, particularly given high-growth forecasts for the satellite TV market.

Because digital cable boxes are ardatively new product, power requirements for these units are
likely to decrease as digitad set-top technology matures. This is because it will be cheaper for
manufacturers to use integrated chips desgned specificaly for set-top box systems than to
continue designing their own systems from a larger number of chips. As chips merge, totd

system power requirements fal, as does manufacturer cost.
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Projected Set-top Energy Use

This sudy estimates energy consumption of the four mgjor set-top boxes availablein 1999. By
mid-2000, new products on the market included digital video recorders, Internet appliances,
and digitd televison converters to name afew. In addition, “multifunction” set-top boxes, such
as combination satellite/DTV boxes and video game/internet boxes, had begun to appear in
retail stores. Table 3-7 lists some of the functions and services provided by advanced set-top
boxes.

Table 3-7. Advanced Set-top Box Features

Feature Function/Service

Pay TV Reception of programming beyond what is offered through free loca
Programming broadcasts (PBS, ABC, NBC, CBS, Fox).

Digitd TV Reception and decoding of digita broadcast signdls.

(DTV)

Record and Recordings of audio and video tracks from radio, TV, and the Internet, and
Playback storage on tapes, CDs, DVDs and internd hard disks.

Video Game Video gaming a home or across the Internet

Telephony Tdephone calls over cable or adedicated network.

Networking Communiceations across the Internet and within the home,

Any individua set-top box could have one, two, or al of these features. This makes set-top
energy projections difficult because the energy use of the unit depends on the type and number
of features it provides. Some features require sgnificantly more power than others, and of
course more featuresimply higher energy use. In our projections, we focus on set-tops used for
TV programming and DTV reception because we beieve that these services will contribute
most to future set-top energy use.

The Federd Communications Commission (FCC) has mandated that al broadcast television
programming switch from andlog to digital by 2007. Should this occur as planned, the number
of set-top boxesin the U.S. is expected to skyrocket for the following reasons:
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The 220 million andog TV ss in the United States will be unable to receive TV
programming without a set-top box. TV owners have the choice of (1) buying aDTV
receiver/decoder set-top unit to receive the broadcast digital sgnd or (2) subscribe to
pay TV to receive cable or satelite programming.

Mog digita TV sets sold between now and 2007 will require a set-top for digitd

converson and/or high-definition resolutions. While a few DTV modes have these
features built-in, sand-alone set-top boxes are preferred [15]. Currently, sets labeled
high definition TV (HDTV) and sandard definition TV (SDTV or DTV) sats have built
indigitd TV receivers, while those labeled HDTV-compatible or DTV-ready require a
set-top decoder box.

Digitd TV sets sold even after 2007 are likely to require a set-top box. Until DTV
technology matures and perhaps beyond, it is likdly that set-top boxesand TV setswill
be ana ogous to CPUs and monitors. people will prefer separate units so that changes to
the set-top hardware can be made without replacing the expensive video display.

Based on these assumptions, it is safe to say that dl 100 million TV-homesin the U.S. will have
at least one set-top for TV reception by 2010. More likdly, each TV will require its own set-
top box, bringing the number of seat-topsin the U.S. to over 220 million. It isaso possble that
each TV will have more than one set-top, since there are many different types of set-topsin
addition to cable, wireless, and DTV converter boxes. Asaresult, the number of set-top boxes
inthe U.S. may exceed 300 million by 2010.

In addition to the exploding number of set-top boxes, power requirements are dso increasing.
Digitd cable and advanced satellite set-top boxes coming out on the market now use about
twice the Active and Standby power of exiging cable and satellite set-top boxes. With
increased functionality, new set-top boxes are aso expected to be Active alarger portion of the
time than exiding s=t-tops. In fact, many new set-tops are designed to be Active 100% of the
time, and s0 do not have an off switch. Because of these devel opments, we expect the average
UEC of set-top boxes to reach between 150 and 300 kWh per year by 2010.

Given these predictions, future set-top energy use will certainly rise. The magnitude of this
increase depends on the number of units and the average energy consumption of each unit.
Today there are just over 60 million sat-tops used for TV programming, with an overal average
annua UEC of about 100 kWh/yr. We predict that the number of units will reach between 100
and 300 million, and that the average UEC will increase to between 150 and 300 kWhiyr.
Figure 3-5 shows some possible set-top energy use scenarios for 2010 based on these
predictions.
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Figure 3-5. Future U.S. Set-top Box Energy Scenarios
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The energy use of set-topsin the U.S. is currently about 7 TWh/yr. According to Figure 3-5,
this end-use will grow to at leest 15 TWh/yr in 2010, and possibly as high as 90 TWhiyr,
depending on the number of units and the average UEC.  Given the information available to us
a this time and assuming no efficiency improvements, we predict that nationd set-top energy
use will reach & least 40 TWh/yr by 2010.
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4 TELEPHONY ENERGY CONSUMPTION

Crigindly, telephones operated on the smal amount of power provided through the telephone
line. Modern telephony products have advanced features that require hundreds of times more
energy than the telephone lines supply. As aresult, telephony products now draw power from
the dectric grid aswell.

While telephony energy use has grown over the past couple of decades, tota telephony energy
use remains smdl relaive to other consumer eectronics devices and is not expected to expand
subgtantidly. This chepter investigates the total 1999 energy use of the most common
resdentia telephony productsinthe U.S.

4.1 Scope of Telephony Analysis

In this section, we focus on the following products. telephone answering devices (TADS),
cordless phones, cordless phone/TAD combination units, and mobile phone chargers.

Telephone answering devices (TADs), commonly known as answering

machines, are sandalone devices that answer the phone after a designated number

of rings, play a pre-recorded message to the caller, and then record a message
from the caler. Mgor TAD manufacturers include AT& T, Casio, Generd
Electric (GE) and Panasonic.

Cordless phones provide the same services as a traditiond phone except that the

handset uses an RF transceiver (instead of awire) to communicate with the

base unit. Mgor cordless phone manufacturersinclude AT& T, Panasonic,
Sony, and Toshiba.

Cordless/answering devices are cordless phones with answering machines built
into the base unit. Mgor manufacturers of cordless-phone/answering-mechine
combination units include Panasonic, Sony, Toshibaand Uniden.

M obile phone char ger's recharge spent mobile phone batteries. Mobile phones

with accompanying chargers are typicaly included as part of wirdess phone
savice contracts. Some of the mgor mobile phone manufacturers include
Audiovox, Ericsson, LG Electronics, Motorola, Nokia, Sony, and Qualcomm.
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4.2 Telephony Power, Usage, Stock, and Energy Consumption

This section describes the usage patterns, power requirements, and stock data used to estimate
the nationa telephony energy consumption in 1999.

Telephony Usage Patterns

Telephony products are Active during talk, record and playback modes. Telephony products
with portable (non-corded) handsets contain rechargeabl e batteries, and so spend some time in
Charge mode. The Standby mode of telephony products occurs when the product is plugged
in, but is not in the Active or Charge modes. Excluding mobile phone chargers, telephony
products are typically never Disconnected.

Obtaining data on how people use their telephony products proved chalenging. We were
unable to find extensve surveys containing the information we desired. In lieu of this, we
conducted our own limited survey to obtain anecdota evidence of telephony usage. Telephony
usage profiles derived from our survey and used in this sudy are shown in Table 4-1. For
amplicity, we exclude the inggnificant amount of time that answering machines are recording or
playing messages (<1% of the time).

Table 4-1. Telephony Usage Patterns

Telephony Product Disconnected Standby ChargeTime Active

Time Time Time
Full Empty
/Answering Machine -- 100% -- -- -- 100%
Cordless Telephone® -- 23% 65% 8% 4% 100%
CordlessAnswering® -- 23% 65% 8% 4% 100%
[Mobile Charger” 60% 38% -- 2% - 100%

b. For cordless devices, we define Standby as the time when the handset is hot on the base unit or in use.
We define Charge-full and Charge-empty as the time when the handset is on the base and the battery is
fully charged or not fully charged, respectively.

a. For mobile chargers, Standby occurs when the unit is plugged in but not connected to the battery.

Cordless devices and mobile phones require batteries for use. Nearly al 1999 modd cordless
phones use Nickd Cadmium (NiCd) batteries. NiCd batteries tolerate overcharging; so for cost
reasons, manufacturers dmost never employ the circuitry needed to sense that aNiCd bettery is
fully charged. As a result, cordless phone units continue to supply as much current to the
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battery when it isfully charged aswhen it isempty. Thus we assume that cordless phones arein
the Charge mode whenever the handset is on the base. Most mobile phones, on the other hand,
use lithium ion (Lil) batteries, which are damaged by overcharging. As a result, most mobile
phone chargers return to the Standby mode when the battery is fully charged.” In the following
sections, we distinguish between charging that occurs when the battery is full, and when it is
empty.

We assume that cordless telephones and cordless'answering devices are used smilarly. Also, as
mentioned earlier, we exclude the recording and playing back of messages for combination
devices. In our survey, we asked cordless phone owners how much time each cordless phone
was used (Active), and how much time the handset was on the base (Charge). The average
Active time reported by the 36 respondents was 4%, while the average Charge time was 73%.°
Since NiCd batteries require about twice as much time to charge as to discharge through use,
we esimate that the actud charging of the battery takes about 8% of the time, while the
remaining 65% of charging occurs when the bettery is dready full.

Battery chargers for mobile phones can be unplugged when they are not charging batteries, but
many people leave them plugged in dl the time. Of the fifteen mobile phone owners responding
to our survey, about haf left the chargers plugged in a dl times, while the other haf unplugged
the devices when they were not in use. On average, survey respondents indicated that they |eft
their mobile phone batteries attached to the charger for about 4 hours per day, or 15% of the
time. Since charge rates vary sgnificantly, it would be difficult to determine the portion of this
time spent charging the battery (Charge-empty) and the portion spent in the “trickle charge’
mode (Charge-full). To avoid lengthy experimentation with a large number of chargers, we
assumed that the average mobile phone battery takes about 2 hours to charge and is charged
about 50 times per year a the owners residence’ for atotal of 100 hours (1% of the time), in
the Charge-empty mode.

Telephony Power Measurements

We measured over 70 telephony products. Most of the measurements were recorded at retail
shops, s0 our sample represents the stock of equipment being sold at the time of the study. No
conscious effort was made to select a representative sample of manufacturers or price points.
This raised concerns that the data sample collected was not representative of U.S. stock.
However, our measurements showed that there was little variation between units. Power

®Many chargers “trickle charge” or send current intermittently because unused batteries tend to lose charge
over time. We do not include this small amount of current in our calculations.

® Most respondents left the handset on the base whenever it was not being used. This is interesting
because NiCd batteries develop what is called a“memory effect”, meaning that operating time decreases if
they are not discharged completely before each charge.

" Mobile phone owners frequently charge their phonesin the car.
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measurements indicated no sgnificant difference in energy requirements for older and newer
products, or for products from different manufacturers. These factors combine to give us some
confidence in the vdidity of our sample. The range and mean vaue of telephony power
measurements collected for this study are shown in Figure 4-1 For acomplete list of the power
data collected for this study, see Appendix C.

Figure 4-1. Telephony Power M easurements
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We found that most standaone answering machines use between 2 and 5 watts of power in the
Standby mode. The Active mode will be excluded in this sudy because (1) the disparity
between Active and Standby power levels is very smdl (see Appendix C) and (2) the Active
mode accounts for an inggnificant portion of time (<1%), as previoudy mentioned.

The cordless devices in our database used 1 to 8 watts in dl modes. Because we measured
manly new units that had never been connected to a power source, the Charge vaues observed
represent the Charge-empty power use. We were able to obtain a handful of Charge-full
measurements at the lab and in homes, none of which indicated that the flow of current to the
battery waned once the battery was fully charged. We expect that this is true of the vast
majority of cordless phones, so we used the Charge-empty power level for both modes.

23



LBNL-45305

Mobile phone chargers consst dmost exclusvely of an efficient externa power supply. Asa
result, they use much less power than do the other telephony products shown here, which need
additiona power consuming circuitry for ahigher level of functiondlity.

Table 4-2 shows the number of units measured and the average power levels we used in our
cdculaions of nationd telephony energy consumption.

Table 4-2. Average Power Levelsfor Telephony Products

Standby' Active Charge
(watts) (watts)| (watts)

Teephony Product

Answering Machine
Cordless Telephone
Cordless’Answering .
Mobile Charger 7 0.6 -- --

We would have liked to measure more than seven mobile phone chargers, however we found
that very few modds exigt. In addition, the Standby power use of mobile phone chargers does
not vary much, so we are confident that the smal sampleisfairly representative.

Average Unit Power and Energy Consumption Estimates for Telephony

With the exception of mobile chargers, average UEC vaues were caculated using Equation 1.
For mohile chargers, we caculated the tota energy as the sum of the Standby energy use, the
energy supplied to the battery, and the trandformer losses of the battery charger during the
Charge mode. Table 4-3 summarizes our findings.

Table 4-3. Average Annual UEC Valuesfor Telephony Products
Sandby Charge Charge Active

Telephony Product | | Full | Empty | TOIEUEC
(kWhiyr)  (kWhlyr) | (KWh/yr) ](kWh/yr)\ (KWhiyr)
Answering Machine 26 26
Cordless Telephone 4.5 20 24 11 28
CordlessAnswering 6.1 25 3.1 1.4 36
[Mobile Charger 1.8 0.5° 2.3

a. Figures may not add due to rounding.

b. Assumes the average battery holds 1000 mA h and is charged 50 times per year at 3 hours per charge.
Further assumes that transformer losses do not increase during charging.
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Figure 4-2 summarizes our findings and indicates the portions of energy use attributable to each
mode.

Figure4-2. Mode Contributionsto UEC Valuesfor Telephony Products
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The extremdy low UEC of mobile phones may come as a surprise to some.  Even though
mobile phone chargers are not wsed as efficiently as they could be — 75% of mobile charger
energy use is wasted during Standby — a mobile phone il uses less than one-tenth the energy
used by a cordless phone. A mobile phone charger that is consstently unplugged when not in
use would require only one-fiftieth the energy of a cordless unit.
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Telephony Stock Estimates

All telephony stock estimates were based on the results of a 1999 market research survey [12].
Estimates of resdential stock are shownin Table 4-4.

Table 4-4. Residential Telephony Stock Estimates

Teephony Product LS

Penetration UnitgUnit-home  (millions)
Answering Machine 67% 1.10 77
Cordless Telephone 73% 1.15 87
Cordless’Answering 31% 1.08 35
[Mobile Charger 43% 1.17 53

a  Based on 104.2 million householdsin the U.S. in 1999 [13].

b. TheMobile Telecommunications Industry Association estimated that there were over 70 million mobile
phone subscribersin June of 1999 [16], including both commercial and residential mobile phones. This
value represents the number of mobile phonesin the residential sector.

National Telephony Energy Consumption Estimates for 1999

Using UEC vaues (Table 4-3) and the above stock vaues (Table 4-4), we used Equation 4 to
caculate national energy consumption of telephony products as shown in Table 4-5.

Table 4-5. National Energy Use of Telephony Productsin 1999
National

Charge Charge Active  Ener Shareof U.S.
Full  Empty Y Resdential
Use o .
~  —"— _ Electricity Us¢
| (TWhyr) | (TWhyr) | (TWHyr) | (TWhiyr) | (TWhiyr)

Answering Machine 2.0 -- -- -- 2.0 0.17%

Cordless Phone 0.4 17 0.2 0.1 2.4 0.21%

CordlessAnswering 0.2 0.9 0.1 0.0 13 0.11%

Mobile Charger 0.1 -- 0.03 -- 0.1 0.01%

Total 2.7 2.6 0.3 0.1 5.8 0.51%

a. Based on the 1999 residential electricity consumption of 1,143 TWh [13]
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4.3 Telephony Discussion

Limitation of the Telephony Analysis

We were unable to find information regarding telephony product usage, and so based usage
vaues on the results of a short in-house survey, which is unlikely to be representative of U.S.
society a large. However, inaccuracies in our usage estimates will not have large effects on the
tota telephony energy consumption estimate because power requirements do not vary
sgnificantly between modes. Even if telephony products were dways in the lowest available
power modes, telephony energy use would drop by only 20% to 4.7 TWh/yr. On the other
extreme, were TADs aways Active, and cordless and mobile phones dways charging,
telephony energy use would be about 40% higher than our estimate. We are confident that our
usage estimates provide reasonable results.

Power levels used in this study represent the stock of telephony products currently sold because
most power measurements were taken in retaill sores. Our sample was not large enough to
conduct a proper datigticd andyss, however, anecdotad evidence suggests that the power
levels of older units do not differ from newer units.

Only saven mobile telephone chargers were measured for this sudy. We think that this is
acceptable for two reasons. (1) these units account for a relaively smal portion of telephony
energy consumption, and (2) according to sdes gaff, the units we measured are currently the
most popular.

Comparison of Telephony Energy Use Estimates to Other Studies’ Estimates

In 1998, LBL published edtimates of dectricity use for over one hundred smal dectricd
gopliances in the U.S. resdentia sector, including cordless phones and answering machines.
Table 4-6 shows the mgor results of this sudy dongsde the results of this earlier sudy.

Table4-6. Comparison to Other Telephony Energy Use Studies

Answering Machine Cordless Phone

Rosen Sanchez Rosen Sanchez
Units (millions) 77 66 87 61
Avg. UEC (KWhyr) 26 29 28 25
Tota U.S. (TWhiyr) 2.0 1.9 24 15

While our answering machine energy use esimate is comparable to that of Sanchez. Our
cordless phone energy use etimate is 60% higher. This is mainly attributable to an increase in
the number of cordless phonesin U.S. homes from 1995 to 1999.
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Improving the Energy Efficiency of Telephony

Many phones get dl the power they need from the phone line, using power only when the phone
rings or when the handset is away from the base. Newer telephony products use extra power
for functions like recording messages, charging batteries, and sending and receiving radio
frequency signds. With proper design, phones could function without extra power when these
advanced functions are not being performed. Were manufacturers of powered telephony
products to take advantage of this opportunity, telephony energy use could be reduced by
about 90%.

While available technologies could reduce telephony energy use by as much as 90% or more,
they would require some revolutionary changes in resdentid tdephony design. Until these
efficiency improvements become cos-effective, other low-cost or no-cost energy-saving
techniques should be considered. For example, current telephony products often use inefficient
externa power supplies with no-load losses of about 1 W. The replacement of these 1 W
power supplies with commonly avallable 0.5 W units, such as those used for mobile phone
chargers, would reduce telephony energy consumption by 15% to 20%.

Implementing more advanced battery charging technologies would aso reduce telephony energy
consumption sgnificantly.  According to our edimates, over 40% of telephony energy
consumption occurs during overcharging.  Phones manufactured with smart-charging circuitry
would use about 25% less energy than existing products.

Projected Telephony Energy Use

Assuming that no new plug-in standalone telephony products emerge in the coming decade, we
think that telephony energy use will remain steady or even decline in the future, as increasing
numbers of Americans purchase mobile phones. Since mobile phones are battery- powered, the
phone itsdlf is designed to be as energy efficient as possible. In addition, mohbile phone battery
chargers are dready more efficient than other types of battery chargers because they use
efficient power supplies and do not overcharge the batteries®

One development that has the potentid to prove this prediction fase is the digitd cable
telephone market. Currently, cable service providers offer telephone services over the cable TV
network. Because the cable network is not powered (as is the telephone network), cable
telephones rely on battery backup in the event of a power outage. These battery chargers are
plugged in 100% of the time, consuming 6.0 watts, for an annua UEC of over 50 kWhiyr.

® There is ongoing research to create Lil batteries that tolerate overcharging. If this research is successful,
future Lil battery chargers may become as inefficient as NiCd battery chargers.
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5 CONCLUSIONS

This study found that cable boxes, wirdess receivers, and video game consoles accounted for
7.4 TWh (0.7%) of U.S. resdentia eectricity consumption in 1999. Of the four types of set-
tops studied, digital cable boxes had the highest individud UEC a 200kWh/yr, while anaog
cable boxes currently use the most energy nationwide (4.3 TWh/yr). We aso found that
Standby accounts for about 75% of total set-top energy use and that this eectricity could be
sgnificantly reduced with ample efficiency techniques. Figure 5-1 summarizes our findings.

Figure5-1. Energy Consumption of Set-top Boxesin 1999
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Today there are just over 60 million cable and satellite set-top boxes with an overdl average
annual UEC of about 100 kWh/yr. We predict that by 2010, the number of set-topswill reach
between 100 and 300 million, and that the average UEC will increase to between 150 and 300
kWhlyr. As a result, we estimate that national set-top energy consumption will grow to at lesst
15 TWh/yr in 2010, and possibly as high as 90 TWh/yr, depending on the number of units and
the average UEC. Given the information avalable a this time and assuming no efficiency
improvements, we predict that national set-top energy use will reach at least 40 TWhiyr by
2010.
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Cordless phones, answering machines, combination units, and mobile phones accounted for
nearly 6 TWh (0.5%) of U.S. resdentid dectricity consumption in 1999. Figure 5-2 shows
the energy consumption of telephony productsin the U.S. in 1999.

Figure5-2. Energy Consumption of Telephony Productsin 1999
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Answering machines consume nearly 2 TWhiyr, dmogt al (99%) of which occurs during the
Standby mode. Together, cordless telephones and cordless/ansvering combination units use
3.7 TWhiyr. Less than 20% of this eectricity use occurs during the times the phone is being
used or recharging. Mobile phones are significantly more efficient than cordless phones.

The future of home telephony products is uncertain. The number of mobile phones will continue
to increase, but we expect that the energy required for battery charging will decrease or even
disappear, as mobile phones become more efficient and dternative power sources replace
batteries.

The data presented in this report comprise a good estimate of the energy use for set-top boxes
and telephony products in 1999. However, because technologies involved in the manufacture
and use of set-tops and telephony products are changing rapidly, great care must be taken in
extrapolating from the data presented here to future energy use. Recent technologica and
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regulatory changes have enabled the convergence of severd heretofore-separate information
digribution networks. The result of these converging networks is the convergence of severd
communications devices, including s&t-tops and telephony, into a new generation of advanced
set-top boxes. These set-top boxes are likely to result in new and increased energy demands.
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APPENDIXA. SINGLE PHASE POWER MULTIMETER PLM-1-LP

Electronic Product Design, Inc., 2145 Debra Drive, Springfield, Oregon 97477

The Single Phase Power Multimeter (mode PLM-1-LP) is an dectronic instrument used to
measure parameters associated with power consumption by an dectrica load that is normaly
operated from a 50 or 60 hertz power line. Power is supplied to the load via a permanent
power cord exiting the rear pand and a 15 amp, 120-volt outlet on the front pand. Aninternd
0.1-ohm shunt, wired in series with the neutra wire, senses the current. The voltage is measured
between the hot and neutral wires. Power is provided to the measuring e ectronics via the same
power cord. Current is limited to three amps RMS with an inling, 3 amp, dow-blow fuse
accessible at the rear pand.

The Single Phase Power Multimeter measures, true RMS voltage and current; true power; and
peak voltage, current, and power. This meter aso caculates Power-Factor, Volt-Amps, and
VARS. In addition the PLM - 1-LP accumulates Time and Watt-Hours.

Display information, time, and accumulations of power are stored away in a non-volaile
memory. If measuring power is logt, when it returns, the meter will power up and ill retain the
latest recorded information. Reset of Waitt-hours and Time is accomplished via the front pane
momentary switches.

A dud line, 16 character per line, LCD provides a visua output to the operator. Two front-
pand pushbuttons alow sequencing through the different displays of values. All measurements
and cdculations are updated at 1 second intervas, and if your meter includes the RS232 option,
al the measurements and calculations are output at 9600 baud, once each second. RS232
isolation isaminimum of 1500 volts.

Operating temperature: 25 + 10 degrees C. Bandpass: 100" harmonic of 60 Hz (6Khz).
Crest factor: Peak current (10 amps) divided by measured RMS current.

MEASUREMENT RANGE ACCURACY

RMS Voltage 0.1to 140.0 volts 0.5% +1LSD

RMS Current 0.001to 3.000amps 0.5% +1LSD

Watts 0.1 to 420.1 watts 05%+1LSD

Peak Voltage 0.1 to 200.0 volts 1% +1LSD

Peak Current 0.01 to 10.00 amps 1% +1LSD

Peak Power 1to 2,000 watts 1% +1 LSD
Valt-Amps 0.1t0 420.0 VA 1%+ 1LSD

Power Factor 0.00to 1.00 1.5%

VARS 1t0 420 VARS 1.5% (PF=0.1t00.9)

Accumulate Power (Wh) 0.01 to 999999.99 05% + 1LSD
Hours 0.01 to 655.36 0.01% + 1LSD
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APPENDIX B. SET-TOP POWER MEASUREMENTS

Table B1. Analog Cable Box Power M easurements

\Vifa'al=

(Ceneral |natriimente CFT 2014AN/RR] 1 1?2 R 128
General Instruments  CFT 2014/\V/558.2 111 11.9
General Instruments DPV7-212F 9.8 10.8
General Instruments  DON5-3 6.0 6.8
General Instruments  DRZD-3A-AB 11.8 12.9
General Instruments  Starcom VI (DPV5-212-R3).1 126 141
General Instruments Starcom VI (DPV5-212-R3).2 12.9 14.2
Jerrold CFT 2024/S8 15.2 16.5
Jerrold CFT2.24/\V558 12.0 131
Jerrold DP7113.1 81 9.2
Jerrold DP7113.2 72 8.1
Jerrold DPV5-210-R3 12.6 14.1
Jerrold DPV7113P/R2B.1 9.3 10.9
Jerrold DPV7113P/R2B.2 14.0 18.0
Jerrold DPV7212 87 9.7
Jerrold DPV7-212/V5.1 85 94
Jerrold DPV7-212/\/5.2 89 16.9
Jerrold DPV7-212/\V5.3 12.8 139
Jerrold DPV7212/\V5/B 9.3 10.3
Jerrold DPV7212/\/5B 9.8 10.6
Jerrold DRZIN-3A-AB-E 10.7 234
Radio Shack 15-1288A 49 54
Scientific Atlanta 8530338.1 24

Scientific Atlanta 8530338.2 9.0 9.7
Scientific Atlanta 8511300 4.6 6.0
Scientific Atlanta 8528300 6.3 71
Scientific Atlanta 8529300.1 49 6.0
Scientific Atlanta 8529300.2 4.8 5.8
Scientific Atlanta 8529300.3 50 59
Scientific Atlanta 8580338 8.3 9.3
Scientific Atlanta 8590757 11.3 12.7
Scientific Atlanta 8600STNN.1 9.3 104
Scientific Atlanta 8600STNN.2 9.7 10.7
Scientific Atlanta 8600STNN.3 9.8
Scientific Atlanta 8600SZNN 10.6 11.6
Zenith ST 1083 18.0 19.0
Zenith ST 1085.1 18.0 19.0
Zenith ST 1085.2 15.9 16.5
Zenith ST 1601.1 9.7 99
Zenith ST 1601.2 10.0 10.2
Zenith ST 1601.3 16.9 17.1
Zenith ST 1601.4 174

Zenith ST 1601.5 174 18.0
|Zenith ST 1622 12.3 13.0
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Table B2. Digital Cable Box Power M easurements
Brand Modd |Standby (W) On (W)

General Instruments  DCT1000 19.7 204
General Instruments  DCT2000 233 238
General Instruments  Starfone SFT 24.7 25.2
General Instruments  Starfone SFT2 24.0 244

Table B3. Wireless Receiver Power M easur ements

Brand Modd |Standby (W) On (W)
Hitachi HDSI110S 138 139
Hughes HIRD-B2.1A 10.0 11.0
Hughes HIRD-B2.1B 9.9 11.2
Hughes HIRD-B2.2A 10.7 12.0
Hughes HIRD-B2.2B 95 11.0
Hughes HIRD-B2.2c 137 137
RCA DRD303RA 15.0 154
RCA DRD502RB.1 9.0 94
RCA DRD502RB.2 10.7 115
RCA DRD503RBC.1 8.8 9.1
RCA DRD503RBC.2 10.0 10.7
RCA DRD515RB.1 10.1 10.9
RCA DRD515RB.2 11.0 11.9
RCA DS3130RA 144 145
RCA DS5450 RB 159 16.2
RCA 16.0 165
Sony SATA3.1 100 10.1
Sony SATA3.2 138 14.0
Sony SATA4.1 115 11.7
Sony SATA4.2 114 114
Sony SATB2 11.3 114
Sony SATB3.1 9.1 9.3
Sony SATB3.2 9.5 104
Sony SATB3.2 10.1 105
Toshiba TSS-111 144 14.7
Sony SASAD2 16.3 16.4
EchoStar 1SD4000 16.8 17.2
RCA DRD505RB 17.2 17.7
ProScan PS 84360A 184 21.2
NVC 4500 18.8 19.3
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Table B4. Game Console Power M easurements

Standby
Brand Mode Description (W) On (W)
Nintendo NUS-001.5 0.6 8.0
Nintendo  NUS-001.1 64-bit 0.9 85
Nintendo ~ NUS-001.3 Nintendo64 0.9 8.0
Nintendo  SNES-001  Super Nintendo 0.9 7.8
Nintendo NES-001.2 10 5.7
Sony SCPH-1001 Playstation 10 79
Sony SCPH7501 Playstation 10 5.7
Nintendo ~ NUS-001.2 64-bit 13 8.1
Nintendo NUS-001.4 64-bit 13 9.0
Nintendo  NES-001.1  8-hit 20 9.8
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APPENDIX C. TELEPHONY POWER MEASUREMENT S

Table C1. Answering Machine Power M easurements

Brand ‘[Model No-load ‘[Standby Play

GE 2-9873A 18

GE 2-9805A 18 35
AT&T 1325 21 31
Panasonic KX-T1427 21 21
Panasonic KX-T1470 22
Panasonic KX-T5100 22 42
Casio Phonemate 3500 23

Casio Phonemate TA-110 11 23 34
Lucent Technologies 1325 16 24 35
Panasonic KX-T1450 24 6.0
AT&T 1300 13 25

Casio Phonemate 9300 25

Casio Phonemate TA-120 29 3
AT&T 1710 30 31
Lucent Technologies 1715 16 32 34
Casio Phonemate TA-120 33

Casio Phonemate TA-120 09 33 33
GE 2-9865 3.3

Casio Phonemate TA-120 34

AT&T 1750 37

AT&T 1317 37 44
AT&T 1418 40

AT&T 1750 4.0

AT&T 1343 4.6

AT&T 1337 4.7
[Muratec VF1000-1 48

AT&T 1323 52
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Table C2. Cordless Phone Power Measuements

No-load | Standby | Chargefull®* | Chargeempty | Talk

GE 2-9910B 11 21 21 16
L ucent 9200 0.6 19 20 20 24
AT&T 4340 12 25 25 17
Toshiba FT-8006A 0.9 17 24 25 21
Radio Shack  Super OCT 17 2.7 2.7 15
AT&T 4605 20 2.6 2.6 25
AT&T 5860 20 26 2.6 25
AT&T 5200 20 30 30 30
AT&T 5481 22 30 30 2.7
T oshiba FTH986 0.6 22 32 32 27
Bell South HAC 3392 2.3 3.3 3.3 21
Toshiba FT-8006 26 36 3.6 22
Sony SPP-M920 0.6 22 38 38 2.7
Sony SPPM932 1.0 27 37 37 31
Panasonic KX-All 21 29 38 38 2.7
Sony SSP-SS960 12 32 42 42 31
Panasonic KXTG200B 26 45 45 6.9
Panasonic KXTG2400 0.8 20 4.7 4.7 7.0
AT&T 9120 3.8 54 54 4.3
AT&T 5510 4.1 55 55 4.6
a Edtimated.
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Table C3. Combination Cordless-Phone/Answering-M achine Power M easur ements

Battery |No-load Sandby | Chargefull® | Chargeempty | Talk

Toshiba FT-9005 NiCd 10 25 30 30 30
Toshiba FT-9005 NiCd 10 25 30 30 30
Uniden XCAI1680 NiCd 09 21 3.2 3.2 26
Sony SPP-AQ25 NiCd 11 2.8 33 3.3 3.3
Panasonic  KXTC1040 NiCd 0.8 29 3.3 3.3 3.2
Uniden EXA7950 NiCd 0.6 24 35 35 3.3
Sony SPP-AQ600  NiCd 11 25 3.6 3.6 30
Uniden EXAI17980 NiCd 0.6 2.7 38 3.8 35
Sony SPP-A400 NiCd 17 3.2 39 39 3.7
Uniden EXA915 NiCd 09 30 40 4.0 42
Sony SPPA941 NiCd 0.6 26 4.6 46 30
Panasonic  KXTC1500 NiCd 0.8 29 4.7 4.7 34
Panasonic ~ KXTC1740 NiCd 0.8 3.0 4.9 49 34
Panasonic  KXTG2570 NiMH 16 41 4.1 6.3 8.1
Sony SPPA968 NiCd 12 31 5.0 5.0 39
Sony SPPA973 NiCd 0.6 32 5.0 5.0 34
VTECH VT1970ci NiCd 1.0 30 53 5.3 34
Panasonic  KXTC1870 NiCd 0.8 3.7 5.7 5.7 43
Sony SPPA945 NiCd 0.6 36 6.6 6.6 41
AT&T 950 NiCd 1.8 53 6.1 6.1 55
Uniden EXR2480 NiCd 25 50 6.1 6.1 7.2
a Edtimated.
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Table C4. Mobile Phone Charger Power M easur ements

No-load L SE0) ‘

Nokia ACP-7U 04 04
LG 0.2 0.2
A udiovox 0.3 0.3
[Motorola ~ StarTac 0.2 0.2
Qualcomm TAACAOQ101 14 14
LG 0.8 0.8
[Motorola  IntelliChargeXT 29
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